The construction temporary facilities layout planning (CTFLP) is important and complex in large-scale construction projects. During the CTFLP process, the general contractor has conflicts with many subcontractors regarding other pre-planning tasks, such as the transport routes planning (TRP). The resolution of the conflicts is crucial and this study attempts to determine the CTFLP considering conflicts resolution. Specifically, a novel methodology based on conflicts resolution between the CTFLP and the TRP is proposed, which can be adapted for future CTFLP based on resolving other types of conflicts. The two procedures-based methodology is composed of a bi-level model (MINBLPM) and a solution approach (HGABPSO). The methodology is applied to a dam construction project in China to test the applicability, and the results show that it is able to obtain a satisfactory CTFLP and prevents some crucial conflicts, thus, promoting construction operations and making a significant contribution to the practice of construction projects.
Introduction and research aim
Construction, design, maintenance, management and life-cycle performance of large-scale construction projects, such as bridges, dams and power plants, are becoming more and more important (Yeo et al. 2013) . The construction temporary facilities layout planning (CTFLP) is significantly complex in the process of construction and appropriate CTFLP has a positive effect on the overall safety and effectiveness (El-Rayes and Khalafallah 2005) . The CTFLP refers to find appropriate locations for construction temporary facilities (CTFs) (such as water supply stations, storage depots, integrated warehouses, offices, labor residences and construction substations) on the site while optimizing the respective objectives in different construction projects (Xu and Song 2014) . Cheng and O'Connor (1996) indicated that the CTFLP has interactive conflicts with many other pre-planning tasks, such as the transport routes planning (TRP), the project schedule planning, the procurement tasks planning and the workforce planning. In most large-scale construction projects, some pre-planning tasks (such as the CTFLP) are carried out by the general contractor and some tasks (such as the TRP) are conducted by the subcontractors. The general contractor and the subcontractors interact with each other for their respective task optimizations and subsequent conflicts become unavoidable (Cheng and O'Connor 1996) . In this context, a conflict is defined as any action or circumstance resulting from incompatible or opposing needs (Peña-Mora et al. 2003) . If the conflicts are not resolved, the adversarial relationships will jeopardize potential or ongoing collaborative construction operations (Elazouni and Metwally 2000; Humphreys et al. 2003; Shafaat et al. 2014; Arditi and Chotibhongs 2005) . Moreover, the Ministry of Housing and Urban-Rural Development has reported serious accidents in China since the conflicts between the general contractor and the subcontractors were not resolved. Accordingly, great economic loss, construction delays, injuries and fatalities to workers were resulted from inappropriate CTFLP. Those reasons motivate the authors to determine the CTFLP based on resolving the crucial conflicts between the general contractor and the subcontractors.
Significant research has demonstrated the importance of efficient CTFLP and some methods were proposed to obtain suitable CTFLP on construction sites (Zouein and Tommelein 1999; Zouein et al. 2002; Elbeltagi et al. 2004; El-Rayes and Khalafallah 2005; El-Rayes and Said 2009; Xu and Song 2014) . However, to the authors' knowledge, little research has been conducted to resolve the conflicts in the process of the CTFLP. Therefore, this study attempts to provide project managers with a reference for appropriate CTFLP based on the conflicts resolution between the CTFLP and other preplanning tasks. In particular, a novel method is proposed to conduct the CTFLP based on resolving the crucial conflicts between the CTFLP and the TRP. During the process of the CTFLP, to ensure sound and continuous construction, the transport of materials, workforces, equipment from one CTF to another CTF depends on the TRP (Mohemmed et al. 2008) , thus, the CTFLP and the TRP are interrelated and mutually affected (Cheng and O'Connor 1996) . Much research was also conducted to plan transport routes due to its importance for site planners in complex large-scale construction projects (Gipps et al. 2001; Soltani et al. 2002; Nuortio et al. 2006; Mohemmed et al. 2008) . The studies that the TRP has close relationship to the CTF locations. Thus, the CTFLP and the TRP are considered simultaneously here. Generally, the construction sites for dams or power plants often take place in deep valleys, steep bank slopes, and exposed bedrock, which increases the difficulty of determining the CTFLP and the TRP simultaneously. Figure 1 shows a practical difficulty for deciding on the CTFLP and the TRP on a construction site. Based on the previous statements, the CTFLP and the TRP can be modeled as a bi-level hierarchical problem. The detailed motivations for considering the conflicts resolution between the CTFLP and the TRP are demonstrated in Section 2.1.
This study contributes to the CTFLP studies by resolving the conflicts between the CTFLP and the TRP. Specifically, it proposes a new two procedures-based methodology to obtain suitable CTFLP based on the conflicts resolution between the CTFLP and the TRP. Procedure I establishes a mixed integer nonlinear bi-level D r a f t programming model (MINBLPM) for suitable CTFLP based on the conflicts resolution between the CTFLP and the TRP. Since bi-level programming problems are NP-hard problems, the hybrid of Genetic Algorithm (GA)-binary Particle Swarm Optimization (PSO) (HGABPSO) is proposed in Procedure II for satisfactory solutions. In procedure I, when establishing a MINBLPM to resolve the conflicts (this will be clearly described in Section 2), many uncertain parameters are confronted since both the CTFLP and the TRP are pre-planning tasks that need many estimations. Thus, fuzzy random variables (FRVs) proposed by Kwakernaak (1978) are employed in the MINBLPM. FRVs have been widely used and their applicabilities in dealing with uncertain parameters are proved (Moller and Reuter 2007; Xu and Liu 2008; Dabbous 2010; Xu et al. 2013b ). In Procedure II, a novel HGABPSO based on the hybrid of binary particle swarm optimization (BPSO) and the crossover and mutation operators from genetic algorithm (GA) is proposed to solve the MINBLPM for appropriate CTFLP. It is worth noting that bi-level decision makers depend partly on a degree of interaction or cooperation, and they only need to obtain satisfactory solutions for references. Compared to optimal solutions, satisfactory solutions need to achieve solutions with better objectives than the predetermined levels. In past decades, there are already much research integrating PSO and GA based on their respective merits (Du et al. 2006; Fan et al. 2006; Fan and Zahara 2007; Kao and Zahara 2007; Kuo and Han 2011) . This study incorporates the BPSO with the mutation and crossover operators from GA to solve the proposed MINBLPM in Procedure I.
The remainder of this study is organized as follows: Section 2 explains the significance of conflicts resolution and identifies the conflicts in an uncertain environment. The new methodology based on two procedures is proposed in Section 3. To verify the effectiveness and efficacy of the proposed methodology, a dam construction project is used as a test example in Section 4, along with which some discussions are made. By using the proposed methodology to solve the practical problem, some useful suggestions are provided in Section 5 for obtaining better CTFLP by considering other conflicts resolution. Section 6 concludes the study with some contributions and recommendations for future research.
Research problem statement
The CTFLP becomes rather complex when the conflicts resolution between the CTFLP and the TRP is crucial. So a comprehensive investigation is needed to demonstrate the motivations of considering conflicts resolution, to identify potential conflicts and to identify the importance of uncertain parameters first.
Motivations for conflicts resolution between the CTFLP and the TRP
In most large-scale construction projects (e.g. dams, power plants), many conflicts arise between the CTFLP and the TRP (Cheng and O'Connor 1996) . Resolving these conflicts is crucial for satisfactory CTFLP and the motivations are summarized as follows: First, much research has indicated that specialty subcontractors were quite common and important in construction projects and resolving the conflicts between the general contractor and each specialty subcontractor is critical for their decisions (Elazouni and Metwally 2000; Arditi and Chotibhongs 2005; Shafaat et al. 2014) . Second, many cooperations between the general contractor and the subcontractor in large-scale construction projects failed since the conflicts between the CTFLP and the TRP were not resolved. As a consequence, the general contractor had to terminate the contracts, and the whole project was delayed or the total costs increased. What's worse, inappropriate CTFLP often resulted in many injuries and fatalities. This is the most critical reason for resolving the conflicts between the CTFLP and the TRP as many as possible when deciding on the CTFLP. Third, large-scale construction projects are established in far-away mountainous areas, accordingly, potential CTF locations and transport routes need to be established by the project itself based on real-world investigations and surveys. The CTFLP and the TRP are conducted by the different general contractor and subcontractor. The more CTFs and transport routes they need, the more incompatible actions are resulted. Consequently, it is vital to resolve the potential conflicts between the CTFLP and the TRP in advance for satisfactory CTFLP.
Conflicts identification between the CTFLP and the TRP
The conflicts resolution between the CTFLP and the TRP is vital for appropriate CTFLP, and identifying important conflicts is the primary step. Generally, the general contractor locates different CTFs in suitable locations based on the conditions and the total interactive costs between all facilities (CTFs and fixed facilities included). If there are interactive operations between any two CTFs, there should be direct or indirect routes. The decisions are delivered to the subcontractor, who will decide on the TRP whiling minimizing the total construction and maintenance costs as well as minimizing the total risks. The subcontractor will also present its solutions to the general contractor. In this way, both the general contractor and the subcontractor attempt to optimize their objectives based on their respective requirements and the other's actions and reactions (Osman et al. 2004) . Consequently, many conflicts (incompatible actions) occurred and interactions are needed before updating their respective requirements to reach a satisfactory solution. Figure 2 identifies important conflicts between the CTFLP and the TRP with uncertainty and all conflicts are as below.
To begin with, conflicts arise in the general contractor and the subcontractor's respective objectives. In real-world situations, the general contractor and the subcontractors always have conflicts in the payment (Hinze and Tracey 1994; Arditi and Chotibhongs 2005) . When determining suitable CTFLP, the general contractor proposes the total costs minimization as its top priority. The subcontractor is planning suitable transport routes to minimize its construction and maintenance costs, thus, maximizing their profits. Besides, the risks along with the construction and maintenance of the transport routes are also important for the subcontractor. When conducting the CTFLP, the general contractor attempts to locate some specific CTFs in certain potential feasible locations (PFLs), which cost a lot to construct routes between those locations, thus, increasing the subcontractor's total costs or increasing the construction and maintenance risks. On the contrary, planning and constructing routes with low risks or low total costs between certain PFLs may increase the interactive costs between some CTFs, thus, increasing the general contractor's total costs. Conflicts arise in this process, and the contractor-subcontractor will fail if any objectives cannot reach their requirements. Therefore, resolving these conflicts is crucial for the CTFLP and the TRP.
Conflicts also arise in the general contractor and the subcontractor's decision variables and constraints. For the general contractor, it aims to locate CTFs in suitable PFLs. When it positions the same CTF in different locations, the subcontractor may decide different transport routes through it. For instance, when it locates CTF 1 at the PFL 5, the subcontractor will not plan transport routes from PFL 5 and PFL 7 directly. Instead, it will construct routes from PFL 5 to PFL 8, and then to PFL 7. Similarly, the subcontractor plans transport routes between PFLs and different transport routes will result in different plans for the general contractor's transportation of commodities. For example, if it constructs route between CTF 1 at PFL 5 and CTF 5 at PFL 7, the general contractor will transport commodity 2 between them. If not, the general contractor will choose other transport routes. Thus, conflicts arise in the decision makers' decision variables. At the same time, one decision maker will face constraints from another decision maker when optimizing their behaviors. For example, the general contractor can use specific route between some PFLs under the premises that the subcontractor constructs this route. Therefore, resolving these incompatible actions is vital for appropriate CTFLP.
Uncertain parameters intensifying the conflicts
The resolution of the conflicts is vital for appropriate CTFLP, however, both the CTFLP and the TRP are conducted before the construction and operation processes. Under these circumstances, many important parameters are estimated by experienced experts when conducting the practical investigations and surveys. Accordingly, uncertainties arise and intensify the conflicts between the CTFLP and the TRP. FRVs are applied in the study to represent uncertain parameters. For example, to collect data about the unit cost for transporting materials ( ) ij c between CTF i and CTF j , investigations and discussions are made with several experienced experts (i.e., D r a f t 6 maker's index). Unfortunately, they describe ij c in linguistic terms as intervals (i.e., ( , ) (Xu et al. 2013b ). Based on the maximum likelihood method and a chi-square goodness-of-fit test (Xu et al. 2013b Figure 3 presents the whole process of employing FRVs.
The applications of the FRVs make the CTFLP and the TRP more practical but more difficult to solve. FRVs intensify the conflicts between the two decision makers to some extent. For example, when the general contractor's estimations on the interactive costs between CTFs in certain locations are uncertain, it is harder for the subcontractor to plan transport routes based on the selected locations. On the contrary, if the subcontractor feel difficult to estimate the total construction and maintenance costs as well as the risks along transport routes, then it is harder for the general contractor to plan transport routes for different commodities. Figure 3 also shows how uncertainties intensify the conflicts between the general contractor and the subcontractor. Thus, uncertain parameters indirectly intensify the conflicts between the two decision makers and resolving these uncertainties is vital for resolving the conflicts and obtaining satisfactory CTFLP.
Methodology
To resolve the conflicts for the CTFLP, a new methodology based on a MINBLPM and the HGAPSO is proposed.
Procedure I: the MINBLPM for the conflicts resolution based CTFLP
The CTFLP and the TRP are important and interacted in practical large-scale construction projects. Resolving the conflicts is vital for obtaining satisfactory CTFLP, thus, a MINBLPM is established based on their respective objectives and mutual interactions. Assumptions are presented first: (1) PFLs are identified in advance based on practical investigations and surveys. (2) There are more identified PFLs than the required locations for CTFs. (3) Constructing routes between two fixed facilities is also considered.
Total costs minimization for the CTFLP
The CTFLP is important for construction operations and the total costs minimization is always the most important objective for the general contractor when locating CTFs in suitable PFLs (Elbeltagi et al. 2004 Sadeghpour and Andayesh2015) . However, when constructing large-scale construction projects (e.g. dams, power plants) in mountainous areas, determining appropriate CTFLP becomes much more difficult due to the natural, topographical, geographical and conditional restrictions. In this study, PFLs for CTFs are predetermined based on several months' investigations of real-world situations. Thus, evaluating the total costs relating to suitable CTFLP becomes more complicated. Positioning different CTFs in different PFLs will result in different costs due to the CTF characteristics and the topographical, geographical or transportation differences of PFLs. Therefore, the setup and the close-up costs for CTFs in different PFLs constitute the first part relating to the CTFLP total costs, which are is the actual center-to-center distance of all facilities based on practical routes and it is able to reflect the locations change of all storage and temporary facilities change in accordance with the process. Besides, in large-scale construction projects (e.g. power plants), CTFs are established to facilitate the construction operations for fixed facilities (e.g. dams, substations). There are interactive costs between CTFs and fixed facilities and the different CTFLP result in different interactive costs.
Thus, the interactive costs between CTFs and fixed facilities are modelled as
Generally speaking, the total costs are mainly composed of the setup and close-up costs for CTFs in different PFLs, the interactive on-site materials and equipment transporting costs between CTFs and the interactive transporting costs between CTFs and fixed facilities. Therefore, the total costs for the CTFLP are modelled as
Since there are FRVs in the objective function, an expected value operator is applied to convert all FRVs into deterministic variables if a project tends to obtain an average level of these collected data (Xu and Zhou 2009 respectively. Thus, the total costs function can be converted as:
For the objective function in eq.
[1], mn y and mf y are solved in the lower level model. In order to obtain suitable CTFLP for the general contractor, all CTFs have to be positioned in the construction site and the PFL areas have to be equal to or greater than the CTF areas. This can be modelled as:
[2] .
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In practical projects, large machines also impact the locations of the CTFs. The locations for large machines are commonly identified by the project itself based on a series of qualitative and quantitative analyses. Accordingly, the locations for the CTFs accommodating large machines are determined. For example, the concrete batching unit is a large machine that is used to produce concrete for dam construction, and its location is decided in advance. Therefore, D r a f t 8 the location for the concrete shop is predetermined when resolving the problem of layout planning. This can be modelled as: ' ' ' ' (CTFs and fixed facilities included), the locations of all storage and temporary facilities change in accordance with the process Besides, there are interactive activities between CTFs (PFLs) and fixed facilities, thus, it is necessary to construct some transport routes to transport materials and equipment in large-scale construction projects. The costs of construction routes between CTFs and fixed facilities are modelled as
. Therefore, the total costs for the subcontractor when designing transport routes are modelled as:
However, many accident take places when constructing and maintaining transport routes on the construction site and the total costs minimization is not the subcontractor's only objective. Many emergency response teams, such as fire-fighting, hospital, ambulance and police services, are employed to decrease the accident rates (Hamouda et al. 2004; Berman et al. 2007; Zografos and Androutsopoulos 2008; Xu et al. 2013a ). The total risks relating to the TRP are the sum of the risks on each route, which depends on whether these routes are covered by any emergency response teams. Hamouda et al. (2004) and Xu et al. (2013a) developed the risk assessment models considering emergency response teams to decrease the risks. This study develops the risk assessment model in Xu et al. (2013a) to describe the risks associated with the construction and maintenance of transport routes in large-scale construction projects. The risks on the routes between CTFs can be modelled as between CTFs and fixed facilities can be modelled as
When the routes between CTFs and fixed facilities are covered by emergency response team, the risks on those routes will be decreased. . In real-world situations, it is difficult to obtain exact values for 1 a and 2 a , thus, effective sensitivity analysis can be applied for the subcontractors' practical management. Therefore, the total risks when constructing and maintaining the transport routes can be modelled as:
Based on practical situations, the routes cannot be constructed between some CTFs, thus,
Only the nearest emergency response team is used to decrease the negative consequences when accidents happen, which can be modelled as: [9] 1, , .
The maximum travel distance for any emergency response team cannot exceed the travelling threshold D max , which can be modelled as: max [10] , , .
The variables mn y and mf y have to be 0 1 -variables: 
Global optimization model for appropriate CTFLP
There exist interactive influences between the general contractor and the subcontractor when the former is determining the CTFLP and the latter is planning transport routes for materials and equipment on the construction site. ). Thus, both decision makers attempt to obtain optimal solutions based on their respective objectives and another decision maker's D r a f t interactions. Conflicts arise when the general contractor's optimal decisions are incompatible with the subcontractor's optimal decisions and resolving the conflicts is vital for appropriate CTFLP. Therefore, a MINBLPM is established, in which both the general contractor and the subcontractor attempt to obtain their respective satisfactory solutions. In real-world situations, the general contractor aims to locate CTFs in suitable PFLs ( im x and jn x ) based on the interactive relationships between facilities (CTFs and fixed facilities included). Meanwhile, the transporting routes for different commodities between facilities can be obtained. Thus, the total interactive costs for the general contractor are composed of the interactive costs between facilities (CTFs and fixed facilities included), which are shown in eq. [1] . FRVs are employed in eq.
[1] to reflect the uncertainties when estimating the total costs for the general contractor and eqs. [2] [3] [4] [5] are proposed to reflect the practical constraints.
The CTFLP of the general contractor is delivered to the subcontractor, who will plan transport routes ( mn y and mf y ) for the general contractor. The conflicts occur when the subcontractor is not satisfied with the general contractor's decisions or the general contractor is not satisfied with the subcontractor's decisions. In this study, the general contractor affects the subcontractor's by locating CTFs in PFLs and using the subcontractor's planned routes for transporting. Similarly, the subcontractor affects the general contractor's decisions by constructing necessary routes with total costs minimization and total risks minimization. The objectives for the TRP are obtained in eqs. [6] [7] . eqs. [8] [9] [10] [11] are employed to reflect the practical constraints when minimizing its total costs and risks. As a consequence, both the general contractor and the subcontractor will interact for suitable CTFLP based on their respective requirements and another's interactions and the complete model is formulated in eq. [12] . It is noted, under some circumstances, the general model may not be applied directly into all large-scale project construction due to the different construction process and practical situations. Thus, some issues related to construction process are needed to be considered simultaneously for resolving the CTFLP and some modifications (such as adding or changing constraints) are encouraged in practical applications. 
Procedure II: solving the proposed eq. [12] based on HGABPSO for appropriate CTFLP
Bi-level programming problems (BLPPs) have a wide variety of applications, such as supply chain problem (Ma et al. 2014) , network design problem (Farvaresh and Sepehri 2013), and facility layout problem (Miller et al. 1992) . In Procedure I, establishing bi-level programming models is effective in handling the conflicts between the general contractor and the subcontractors. However, solving the model in eq.
[12] is a complex challenge. Even for the linear BLPP, the simplest one among the BLPP family, where all of the functions are linear, Jeroslow (1985) and Bard (1991) D r a f t have shown that it is strongly Nondeterministic Polynomial-time hard (NP-hard). Therefore, as a strong NP-hard problem, the proposed MINBLPMs in Procedure I is a more complex and challenging problem. Over the decades, there already have been some methods for solving BLPPs, including methods based on vertex enumeration and meta-heuristics. However, much research focuses on solving linear BLPPs and only a few procedures (e.g., Edmunds and Bard 1992; Al-Khayyal et al. 1992; Jan and Chern 1994; Vicente et al. 1994; Amouzegar 1999; Gümü s and Floudas 2001) have tried to find a global minimum for nonlinear BLPPs, in which genetic algorithm (GA) (Sakawa and Shibano 1997; Sakawa 2000; Yin 2000; Oduguwa and Roy 2002; Wang et al. 2005 ; Li and Wang 2008) and particle swarm optimization (PSO) (Pei et al. 2006; Kasemset and Kachitvichyanukul 2012) are widely used. Due to the respective merits of each method in searching solutions, there already have been much research integrating GA and PSO (Du et al. 2006; Fan et al. 2006; Fan and Zahara 2007; Kao and Zahara 2007; Kuo and Han 2011) . Eberhart and Shi (1998) suggested some ways to enhance GA and PSO's performance by incorporating merits from one into the other. It can effectively integrate the characteristic of global search in GA and the capability of local search in PSO to avoid converging ahead of time and to raise the accuracy of problem solving. Some scholars have indicated that the integrated PSO and GA demonstrated superiority over the PSO or the GA in terms of solution quality and convergence rates in their respective problems (Kao and Zahara 2007; Kuo and Han 2011). Thus, a novel HGABPSO based on the hybrid of the binary PSO (BPSO) and the crossover and mutation operators from GA is proposed in Procedure II to solve eq. [12] for satisfactory solutions.
Overview of GA
The origin of GAs can be dated back to the 1960s by Holland (1975) and Goldberg (1989) . The GAs are techniques that solve problems by searching global optima stochastically based on the fitness of different solutions. At each generation of GA, a new set of solutions will be reproduced based on selection, mutation and crossover operations (Vasconcelos et al. 2001) . In past decades, GAs have been applied in many fields, such as multiobjective optimization (Horn et al. 1994) , job-shop scheduling (Chang et al. 2014 ) and supply system (Neungmatcha et al. 2012) . In specific problems, individual chromosomes are encoded and decoded as solutions, and a population of these individuals is defined along with a required population size ( Pop Size -), representing a solution space for those problems. Firstly, GA selects a set of chromosomes randomly to be the initial solutions for the problem. Then, it evaluates the individual to obtain corresponding fitness of the solution based on some objective functions. The best solution until now is often memorized before the stop criteria are met, which means that the elitist strategy is often used. If the stop criteria are not met, the Pop Size -individuals will be selected to obtain a new set of chromosomes based on selection, mutation and crossover operations with some probabilities. Mutation and crossover operations are quite important in GA since mutation tends to have less impact near the beginning of a run and more near the end, and oppositely, crossover has significant effects on the beginning of the run and less on the end (Eberhart and Shi 1998). Note that the expected fitness over the new set of chromosomes (solutions) is better than that of the previous set of chromosomes (solutions) and the best solution will be memorized. The whole process is repeated until the termination criteria are met, and the best chromosome of the last generation is the final solution for the specific problem. Since all decision variables in eq.
[12] are 0 1 -variables, the revised "partially matched crossover (PMX)" proposed by Sakawa and Nishizaki (2009) is used as a crossover operator and the "swap mutation" is used as a mutation operator in this study.
Overview of basic PSO and BPSO
PSO is originally proposed and designed by Kennedy and Elberhart (1995) . PSO is also an evolutionary computational technique based on swarm intelligence, which is widely used in various fields, including multiobjective D r a f t optimization problems (Hu and Eberhart 2002), economic dispatch (Park et al. 2005) . Instead of using genetic operators (selection, mutation and crossover) in GA, each particle (individual) updates its solutions based on its own experience and its neighbors' experience. In specific problems, PSO firstly initiates a set of potential solutions randomly and attempts to find the best solution (particle) based on its present velocity, its previous experience, and its neighbors' experiences. The position and the velocity for the particle are demonstrated in an n -dimensional search space as Kennedy and Eberhart (1997; 2001) , which aimed to operate PSO in binary search spaces, representing that the position vector of a particle in 
The overall framework of HGABPSO
In order to solve eq.
[12], which is a complex MINBLPM with 0 1 -decision variables, this section attempts to integrate the BPSO in Section 3.2.2 with mutation and crossover operators from GA to obtain the most satisfactory solutions. The proposed HGABPSO is a co-evolutionary interactive algorithm, which is applied to solve the CTFLP and the TRP iteratively. This iterative process is repeated until the most satisfactory solution is obtained. Notations D r a f t 13 applied in the proposed HGABPSO algorithm are represented in Appendix 2 and the operation process of the HGABPSO in solving the proposed problem is shown in Figure 5 .
By programming the proposed HGABPSO in Matlab2007, the problem in eq.
[12] can be solved and appropriate CTFLP is able to be obtained.
Example application
To validate the effectiveness and efficiency of the proposed methodology in practice, an example of obtaining the CTFLP for a large-scale dam construction project is applied † . The project (Hydropower A) is located in a mountainous area with deep valleys, steep bank slopes in Sichuan Province, China. The project construction is mainly focus on the dam (fixed facility 1 in Figure 6 ) and public auxiliary infrastructure (fixed facilities 2,3 and 4 in Figure 6 ) construction. The concrete dam construction is normally the most critical construction process in the hydropower project due to its great influence on a project's cost, duration, quality, and safety performances (Zhong et al. 2014) . A dam block is a basic unit for dam construction and the concrete dam construction is a repetitive process as the dam is built by constructing all the dam blocks in a certain sequence. Generally, the concrete dam construction process are composed of the concrete producing issues, the concrete transporting issues, and the concrete pouring issues (Zhong et al. 2014 ), all of which have a great impact on the problem of layout planning. Therefore, the construction process of each dam block is abstract as a typical load-transport-unload-return cycle involving the transportation of concrete from the load site to a specified dam block, as shown in Figure 6 . When determining the CTFLP for a dam construction, some issues related to the construction process are resolved by using the proposed methodology simultaneously. For example, the concrete producing issues are considered in eq.
[3] when the project locates the concrete shop (a CTF) at a specific PFL based on the location requirements of a large machine (concrete batching unit); the transporting issues are transformed into the on-site material and equipment interactions among facilities (CTFs and fixed facilities included), as reflected in eq. [1].
In real-world situations, deciding on the CTFLP for this project has many interactive relationships with many other pre-planning tasks, such as the TRP. However, this project presents great difficulties to decide on the CTFLP and the TRP simultaneously due to its geographical and topographical characteristics, which makes it much more difficult to decide on the CTFLP for construction operations. Under these circumstances, the proposed methodology is applied to resolve the conflicts between the CTFLP and the TRP for appropriate CTFLP. The general contractor attempts to decide on the CTFLP and the subcontractor is in charge of the TRP in this project. All related data for the proposed model and method were collected from Hydropower A with several months' investigations and surveys.
Case problem presentation
Hydropower A is located in a bend of the Jinsha River between Sichuan province and Yunnan province, P. R. China. The project began in 2003 and is to generate 5.712 TWh ( billion kWh ) annually when completed in October, 2015. Hydropower A is to be the main power plant for meeting residential and industrial electricity demands from many southwestern regions, such as Sichuan Province, Yunnan Province, Tibetan autonomous region, Guizhou Province and Chongqing in China. However, it is rather difficult and complex to decide on the CTFLP to support the construction operations, such as the dam and the main offices and to plan many pre-planning tasks based on its geography and topography. During the field investigations and surveys, all pre-planning tasks have to be finished before the construction of Hydropower A. The pre-planning tasks mainly include the project schedule planning, the D r a f t procurement tasks planning, the workforce planning, and the TRP between any two facilities (CTFs and fixed facilities included). All general contractor and subcontractors have invited many experienced engineers or experts to research the geography, estimate related data and provide advices for their tasks. Once the 45×45 2 m construction site and fixed facilities for Hydropower A are decided (note that fixed facilities and PFLs are decided by the project itself based on several months' investigations and surveys), necessary CTFs need to be established to facilitate construction operations and to ensure the overall efficiency of the project. The needed CTFs for accomplishing the whole construction works are provided by experienced experts based on their long-term discussions and communications. In this project, 18 CTFs are needed, such as offices, integrated warehouses, labor residences and substations. Similarly, the PFLs for positioning CTFs are also identified by the same experienced engineers and experts based on long-term investigations and 30 PFLs are identified.
In this project, the TRP is dependent on the CTFLP and the different CTFLP may result in the different TRP. On the contrary, deciding on suitable CTFLP greatly relies on the TRP for transporting commodities between facilities. During the decisions, the general contractor's optimal solutions may be incompatible with the subcontractor's optimal solutions, and vice versa. Thus, both the general contractor and subcontractor are closely interrelated, and interactions are made between each other to obtain a satisfactory solution. That is to say, appropriate CTFLP and TRP have mutual conflicts with each other and resolving the conflicts is beneficial to obtain satisfactory solutions for both the general and the subcontractor. Figure 6 shows the practical situations for deciding on appropriate CTFLP and TRP for Hydropower A when pre-planning their tasks.
Data collection for the MINBLPM in Section 3.1
The proposed MINBLPM in eq.
[12] from Section 3.1 is employed to decide on appropriate CTFLP based on resolving important conflicts between the CTFLP and the TRP. Table 1 shows the name list for 18 CTFs and 30 PFLs identified to locate the predetermined CTFs based on some experienced engineers and experts' investigations and discussions. For the general contractor, it aims to minimize its total costs in eq.
[12] when deciding on appropriate CTFLP to facilitate the construction operations. For the subcontractor, it attempts to minimize its total costs and minimize its total risks in eq.
[12] when planning transport routes for the general contractor. Related parameters in eq.
[12] are collected from Hydropower A and shown in Tables 2-5, in which Table 2 denotes part of the costs for building up, running, maintaining and closing CTFs in PFLs; Table 3 shows the unit interactive cost and exchange volumes between facilities (CTFs and fixed facilities included); Table 4 shows the distances between locations (PFLs and locations of fixed facilities included). It is noted that the locations of all storage and temporary facilities change in accordance with the dam construction process (as shown in Figure 6 ). Thus, the actual route distance is measured as the center-to-center distances of all facilities based on practical routes; Table 5 shows the unit construction and maintenance cost for transport routes and the unit risk along with constructing and maintaining routes. Since there are many uncertain parameters, 100 experienced experts were invited to discuss and decide values for all FRVs in eq. [12] . The following method in Figure 7 is applied when collecting FRVs for both the CTFLP and the TRP.
Data collection and implementation of the HGABPSO in Section 3.2
After setting values for all parameters in eq.
[12], the proposed HGABPSO method is programmed in Matlab2007 to obtain appropriate CTFLP. In the proposed method in Section 3.2, necessary parameters were set based on Eberhart and Shi (1998), which was showed to be effective by using the hybrid of GA and PSO. These parameters 
Results and discussions on the case problem

D r a f t
According to Sections 4.2 and 4.3, the proposed methodology in Section 3 was used to obtain appropriate CTFLP and TRP for the general contractor and the subcontractor, respectively. 50 solutions were selected to provide references for the general contractor and subcontractor after running the program for 50 times. The most satisfactory solution from each run was kept and 50 satisfactory solutions were ultimately obtained. Each satisfactory solution can be decoded as satisfactory CTFLP for the general contractor and satisfactory TRP for the subcontractor. Table 6 shows the best, worst and average objective values based on those 50 satisfactory solutions, showing that the differences between the upper and lower bounds for both the general contractor and subcontractor's objective values are small. This means that the proposed HGABPSO method is able to obtain stable solutions for Hydropower A. Decision makers can have their respective choices of different CTFLP and TRP based on their requirements for different objective values. For example, if the objective value for the general contractor is equal to or better than its desired objectives with specific CTFLP, the CTFLP is acceptable for the general contractor of the project. For the specific CTFLP, there would be corresponding TRP for the subcontractor. If the subcontractor is also satisfied with its objective values for the plan, then the conflicts between the general contractor and the subcontractor is resolved and a satisfactory solution is obtained. In Hydropower A, the CTFLP and the TRP with the lowest objective value for the general contractor is selected and implemented to guide the practical construction operations. . To better illustrate the satisfactory solutions for Hydropower A construction site, Figure 8 is drawn. The proposed methodology is among the first research to decide on CTFLP based on resolving the conflicts between the CTFLP and the TRP on the construction site. Since the proposed methodology is composed of establishing a MINBLPM in Section 3.1 and proposing the HGABPSO in Section 3.2, both the model comparison and algorithm comparison are applied to demonstrate the effectiveness of the proposed methodology.
Discussion I: model comparison for the CTFLP
In past decades, much research has been conducted to decide on the CTFLP for construction projects and the total costs are one of their most commonly-used optimization goals. Further, it is highly stressed by authors that appropriate CTFLP has interactive relationships and conflicts with many other pre-planning tasks. Resolving the conflicts is quite important for obtaining satisfactory solutions for both the CTFLP and other pre-planning tasks. However, little research considers the influences of other pre-planning tasks when deciding on CTFLP. In order to demonstrate that the conflicts are crucial and that the proposed MINBLPM in eq. [12] is helpful for resolving those conflicts, the single level model in eq.
[17] for the CTFLP is compared. It assumed that the transport routes are planned when they are needed to transport on-site materials and equipment, which means the total costs and the total risk along with planning and transporting routes are neglected. In eq.
[17], the total costs minimization is also considered to be its objective function, however, the conflicts between the CTFLP and the TRP are neglected. 
The proposed HGABPSO in Section 3.2 is also applied to solve eq. [17] for satisfactory solutions. 50 results are also obtained based on 50 runs. Table 7 shows the best, worst and average objective values for Hydropower A. Compared to the objective values and the specific CTFLP from Table 6 , the most satisfactory total costs in eq. [17] D r a f t was better than that in eq. [12] for the CTFLP. However, it was reflected from the on-the-spot discussions and communications that although the obtained CTFLP had better objective values, the subcontractor was not able to accept the corresponding TRP and the general contractor-subcontractor structure failed. On the contrary, the CTFLP and the TRP from the proposed methodology were accepted by Hydropower A to guide the practical constructions. Thus, it is concluded that resolving the conflicts between the CTFLP and the TRP is quite important and applying the MINBLPM in eq. [12] is helpful for resolving the conflicts and obtaining appropriate CTFLP.
In summary, resolving the conflicts is crucial for CTFLP as it can prevent further practical conflicts when designing the CTFLP and the TRP.
Discussion II: algorithm comparison for obtaining satisfactory solutions
In order to demonstrate the effectiveness of the proposed HGABPSO method in Section 3.2, the GA and the BPSO, which have been widely used for BLPPs, are compared. To begin with, different parameters settings for GA . Table 7 showed the best, worst and average objective values based on 50 satisfactory solutions from different methods. It was shown that all the HGABPSO, GA and BPSO were able to obtain satisfactory solutions, however, the HGAPSO was able to obtain better solutions than the GA and the BPSO. The HGABPSO was able to obtain appropriate CTFLP with the total costs of based on the GA. Further, Figure 9 shows different convergence trends based on three methods, which demonstrates that the proposed HGABPSO in this study had better convergence capacity than both GA and BPSO.
Suggestions for the conflicts resolution-based CTFLP
The proposed methodology is validated to be able to obtain appropriate CTFLP based on the resolution of important conflicts between the CTFLP and the TRP. However, the CTFLP has interactive relationships and incompatible actions with many other pre-planning tasks, such as the raw materials purchasing and the workforces planning. These pre-planning works are carried out by many different parties, such as contractors, subcontractors, A/E engineering and superintendents, thus the conflicts between these interested parties are inevitable (Cheng and O'Connor 1996) . Under these circumstances, resolving the conflicts are beneficial for all the pre-planning tasks, such as the CTFLP, the TRP and the workforces planning.
Compared to the extant research on the CTFLP in large-scale construction projects, the authors are among the first to consider that the significant impacts of many pre-planning tasks on the CTFLP. This study proposes an example of deciding on the CTFLP based on the conflicts resolution between the CTFLP and the TRP. It starts from identifying important conflicts in Section 2.1 and proposes a new methodology in Section 3, in which Procedure I establishes a MINBLPM and Procedure II innovates a HGABPSO algorithm for appropriate CTFLP and TRP. The proposed methodology provides a reference for the CTFLP based on the conflicts resolution between the CTFLP and other preplanning tasks. In order to apply the proposed methodology in similar situations, some suggestions are provided below.
Since the general contractor-subcontractors systems are common but with different characteristics in different projects, understanding the general contractor-subcontractors structure for the targeted projects are difficult and important. Identifying the crucial conflicts is the primary step to determine the CTFLP based on conflicts resolution. Under these circumstances, many on-the-spot investigations and surveys are needed to find out the existing structures and identify important conflicts between the general contractor and subcontractors. For example, the planners for the CTFLP have to understand their relationships with other pre-planning tasks to find out if there are any D r a f t incompatible actions or needs (conflicts) that would lead to a failed project. If the conflicts between the planners for the CTFLP and the planners for the workforces planning are crucial, detailed investigations are suggested to identify the conflicts.
To solve the crucial conflicts, the CTFLP problem and the other pre-planning problems can be modelled as hierarchical problems and the MINBLPMs are established. Accordingly, transforming the conceptual conflicts into mathematical functions in the proposed bi-level models is crucial for obtaining feasible solutions. This study provides good examples for modelling practical constraints and requirements. Practical requirements for different pre-planning tasks are modelled in the "objective functions" and constraints are modelled in the "constraints functions". For example, the general contractor in this study attempts to determine the CTFLP with the total costs minimization and the subcontractor aims to minimize its total costs and the total risks for the TRP. However, both decision makers are able to change their objectives based on their respective requirements. Besides, the CTFLP and the other pre-planning works are conducted before the construction of the real-world large-scale construction projects. Estimating the related qualitative and quantitative parameters in the MINBLPMs is difficult and experienced experts are often needed. Those experts cannot provide determined data for the different parameters. Thus, uncertain environments need to be considered to enhance the practicality of the proposed CTFLP. However, since uncertain environments involve fuzzy environment, random environment, fuzzy random environment, bi-fuzzy environment, it is important to figure out the nature of the decision-making environments for the different projects. This study depicts the uncertain parameters with fuzzy random parameters. Fuzzy parameters, random parameters and bi-fuzzy parameters are recommended to depict the real decision-making environments.
To validate the applicability, effectiveness and efficiency of the proposed methodology in practical large-scale construction projects, test problems or practical applications are needed. Since the proposed methodology is a new method for the CTFLP, the practical application is suggested in this study. The results show that the proposed methodology is helpful for both the general contractor and subcontractor for obtaining satisfactory solutions. More practical applications with the similar situations are suggested for further validations.
Environmental impacts, social impacts and total quality management are becoming more and more important for large-scale construction projects. As a result, after determining the CTFLP or other pre-planning tasks, it is necessary to evaluate its environmental and social impacts to check if it is under the regulations of the local government. Besides, the total quality management of large-scale construction projects is quite important since they will be used for decades once established, so further extensions are suggested to consider these aspects when deciding on appropriate CTFLP.
In summary, contracting subcontractors for many pre-planning tasks is quite common in practical large-scale construction projects. The proposed methodology is strongly suggested to resolve conflicts between the general contractor and subcontractor and to obtain appropriate CTFLP for the general contractor. The different general contractor-subcontractor structures need different bi-level models or methods for obtaining satisfactory solutions. Thus, many improvements of this study are suggested to deal with more practical difficulties based on project-by-project characteristics.
Conclusions and future research recommendations
Many pre-planning tasks (such as the CTFLP, the TRP and the schedule planning) are interrelated and conflicts between the general contractor and subcontractors are unavoidable in their task optimizations. Numerous evidences have reported that it was crucial to determine the CTFLP based on the conflicts resolution. This study presented a two procedures-based methodology for CTFLP based on the conflicts resolution between the CTFLP and the TRP in large-scale construction projects. The methodology was composed of establishing a MINBLPM and proposing the HGABPSO to solve the complex model for the ultimatum CTFLP. In Procedure I, the general contractor attempted to minimize the total costs for the CTFLP and the subcontractor aimed to minimize the total construction and maintenance costs as well as the total risks in the TRP. To reflect the inherent uncertainties in the pre-planning tasks, the FRVs were employed, making it more complicated but more practical. To solve the D r a f t complex MINBLPM, Procedure II integrated the BPSO and the mutation and crossover operators from the GA to determine the CTFLP. It was proved that the proposed HGABPSO had better convergence than the respective BPSO and GA in achieving the CTFLP and the TRP from the practical application. The computational results and the post-hoc analysis first showed that the CTFLP from this study were able to avoid many conflicts between the CTFLP and the TRP. Second, the proposed methodology was effective for both the general contractor for the CTFLP and the subcontractors for other pre-planning tasks. Third, the methodology can be adjusted and applied to other circumstances, such as the projects with crucial conflicts between the CTFLP and the workforce planning.
Future extensions of the study may include: an exploration of the dynamic CTFLP based on conflicts resolution; an applicability validation of the methodology in other projects; an improvement of the methodology for determining the CTFLP based on the conflicts resolution between the CTFLP and the other tasks simultaneously (such as the raw materials purchasing, the workforce planning, the TRP); and an enrichment of the methodology to prevent more kinds of conflicts.
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LoS.1. Notations for the proposed MINBLPM in Procedure I
Subscripts and sets
: set of CTFs, , {1, 2,..., }; : set of PFLs, , {1, 2,..., };
: set of fixed facilities, {1, 2,..., }; : set of emergency response teams, {1, 2,..., }.
Parameters
: the setup and closure cost for CTF i at PFL m;
: the unit cost for transporting materials between CTFs i and j;
: the unit cost for transporting materials between CTF i and fixed facility : the real distance between PFL m and PFL n;
: the real distance between PFL m and fixed facility f ;
: the interactive exchange of materials between CTF i and CTF j;
: the interactive exc : the velocity of ( ) for the CTFLP problem;
: the velocity of ( ) for the TRP problem;
: the maximal velocity for both the and ; 50,450 21,580 48,750 34,335 35,780 12,270 44,450 50,250 41,459 28,785 21,580 4,950 26,560 40,250 21,355 Fixed facility 1 27,130 26,590 20,940 7,780 2,350 11,915 11,255 16,560 14,590 16,450 15,350 15,580 20,755 17,450 18,580 Fixed facility 3 29,130 40,590 20,940 11,780 8,690 30,915 11,255 14,560 13,590 31,450 33,350 37,580 32,755 26,450 28,580 D r a f t Optimization for the TRP
Step 2.1 Check all the constraints for the TRP in , if all constraints are met, continue to Step 2.2.
Step 2.3 Record the particle if , representing a fitness value compared to the previous best particle.
Step 2.2 Calculat the fitness value for the particle using
Step 2
Step 4
Step5
Record the particle if , representing a fitness value compared to the previous best particle.
Step 6 Update the present personal best position, and the global best position,
Step 7
Replace the worse particles with better particles obtained in
Step 5 based on the elitist strategy.
Step 8
Compare the present and with those of the previous personal best position and global best position to check if they have changed or not. If they are changed, then continue to update particles based on Step 12; otherwise, check particles based on Step 9.
Step 9
Step 10 Employ the swapping mutation operator with probability and displacement crossover operator with probability in Neungmatcha et al. (2012) to update particles since all decision variables are binary variables.
Calculat the fitness value for the combined particle using Step 11
Go back to
Step 3 to check the particle with practical constraints and calculate the fitness value for the new particle.
Step 12
Step 13
Return to
Step 3.
Step 14 If , output the elite set ; otherwise, go to step 2. Step 2.4 Update the present personal best position and the global best position.
Step 2.5 Replace the worse particles with better particles obtained in
Step 2.3 based on the elitist strategy.
Step 2.6 Compare the present and with those of the previous personal best position and global best position to check if they have changed or not. If they are changed, then continue to update particles based on Step 12; otherwise, check particles based on Step 2.7.
Step 2.7 Check if the particles are stuck in a local optima is quite important since the present personal best position and global best position do not change.
Step 2.8 Employ the swapping mutation operator with probability and displacement crossover operator with probability in Neungmatcha et al. (2012) to update particles since all decision variables are binary variables. Step 2.9 Go back to Step 3 to check the particle with practical constraints and calculate the fitness value for the new particle.
Step 2.10 Update , and update the particles based on .
ensure that all elements in are binary.
Step 2.11 Return to Step 2.1.
Step 2.12 If , output the elite set for the TRP, otherwise, go to Step 2.4. Step 1 Step 2
Step 3
Step 5
Invite experienced experts to give ranges for different FRVs based on historical statistical data and their professional judgement;
Set the minimal value from the experts as the lower bound of the FRVs (i.e., ) and the maximal value of all experts as the upper bound of the FRVs (i.e., );
Employ the maximum likelihood method and a chi-square goodness-of-fit test to approximate the most possible value (i.e., ), and it approximately follows a normal distribution;
The general contractor:obtain a satisfactory CTFLP 
